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Oceanography | Vol. 26, No. 4 ABSTR ACT. The southern Chukchi Sea is one of the most productive areas in the world ocean. Over the past decade, there have been dramatic changes in this region in sea ice cover and in Bering Strait inflow, and it is now in the path of transpolar shipping and destinational ship traffic, including vessels supporting Arctic offshore oil and gas development and tourism, all of which are anticipated to increase with decreasing seasonal sea ice cover. Little research on cetaceans has been conducted in the southern Chukchi Sea, and most information on the occurrence of subarctic species (humpback whale Megaptera novaeangliae, fin whale Balaenoptera physalus, minke whale B. acutorostrata, and killer whale Orcinus orca) comes from the ships' logs of commercial whalers in the mid to late twentieth century and from observers stationed along the Chukotka Peninsula. Information on cetacean seasonal occurrence east of the International Date Line (IDL) in US waters is particularly scarce. To address this information gap, we compiled visual sightings and acoustic detections of subarctic cetaceans in the southern Chukchi Sea during summer and early autumn from 2009 to 2012. Humpback whales were common on both sides of the IDL in August and September. Fin and minke whales were widely distributed east of the IDL from July to September, and killer whales were seen sporadically but were the most widely dispersed of the four species. Comparisons of our results with historical records indicate that the incidence of subarctic cetaceans may be increasing in the southern Chukchi Sea. An increase in occurrence may simply be a postcommercial whaling recovery of whale numbers and seasonal range by each species, or it may reflect responses to ongoing climate change. Understanding current stock identity, spatial and temporal distribution, habitat preference, relative abundance, and potential impacts of climate change on these species will require cetacean-focused research in this region of the Arctic.
minimum flow in February (Aagaard et al., 1985; Woodgate et al., 2005) . Often there is little lateral mixing among the water masses so that fronts defined by pronounced differences in sea surface temperature (SST) can be identified on satellite images , illustrating the heterogeneity of the physical system. Over the past decade, there has been a dramatic lengthening of the sea ice-free season in the southern Chukchi Sea (e.g., Overland and Wang, 2013) and an approximately 50% increase in the inflow of warm freshwater at Bering Strait (Woodgate et al., 2012) . Combined, these factors are likely altering the ecosystem of the southern Chukchi Sea, including the availability of prey for baleen whales.
The southern Chukchi Sea is a region of especially high benthic productivity and biodiversity, the result of production from ice algae and phytoplankton not consumed in the pelagic zone that provide the foundation for dense benthic prey assemblages important to seasonally abundant marine mammals (Grebmeier, 2012) . Especially high benthic infauna biomass on the western side of the southern Chukchi Sea is likely related to the nutrient-rich AW. Invertebrate prey important to marine mammals, such as epibenthic euphausiids (krill) on which gray whales sometimes feed (Bluhm et al., 2007) , can also be advected into the southern Chukchi Sea. Forage fishes, including Pacific herring (Clupea pallasii), capelin (Mallotus villosus), and saffron cod (Eleginus gracilis), occur in comparatively high densities (Moore et al., in press ) associated with specific water masses in the southern Chukchi Sea (Eisner et al., 2013) .
Three cetacean species occur seasonally in the southern Chukchi Sea:
bowhead whale (Balaena mysticetus),
beluga (Delphinapterus leucas), and gray whale (Eschrichtius robustus).
Beluga and bowhead whales are Arctic endemic species that migrate through the southern Chukchi Sea during spring and autumn but seldom occur there in summer (Suydam et al., 2001; Quakenbush et al., 2010; Citta et al., 2012) . Conversely, gray whales are seasonal Arctic species that may remain in the southern Chukchi Sea in summer to feed on benthic and epibenthic prey (Moore et al., 2003; Bluhm et al., 2007) .
All three species migrate south in late autumn to wintering areas in the Bering Sea (bowhead whales and belugas) or in the North Pacific as far south as Baja California, Mexico (gray whales). These three species are well known to Chukchi Sea coastal community residents of
INTRODUCTION
The southern Chukchi Sea is one of the most productive areas in the world ocean (Grebmeier, 2012) in between Woodgate et al., 2005) . Although there is high intra-and interannual variability in water properties, current speed, and direction (Woodgate et al., 2012) , there is a marked wind-driven seasonal cycle with maximal northward flow through Bering Strait in July and Wales, Shishmaref, Kotzebue, Kivalina, and Point Hope in Alaska, and Uelen, Neshkan, and Vankarem, Chukotka in Russia, and are often harvested for subsistence purposes (e.g., Borodin et al., 2002; Suydam et al., 2012) . Reports of other cetacean species in the southern Chukchi Sea are less common, especially in US waters.
Humpback, minke, and killer whales are common in the southeastern Bering Sea in summer (Moore et al., 2000 (Moore et al., , 2002 Friday et al., 2012) , and fin whales occur there year-round (Stafford et al., 2010 October (Nikulin, 1946) . Hundreds of humpback whales were observed in this region, but observations declined from the 1930s to the 1980s (Mel'nikov, 2000) , as did observations of fin whales (Nemoto, 1959; Sleptsov, 1961) (Berchok et al., 2011 , but data were also collected in the 
RECENT AND HISTORICAL SUBARCTIC CETACEAN RECORDS Humpback Whales
From 2009 to 2012, humpback whales were the most commonly observed subarctic cetacean (51 sightings of 108 whales) in the southern Chukchi Sea (Table 2) . They were broadly distributed, extending from Bering Strait to 68.5°N, in both nearshore and offshore areas on both sides of the IDL (Figure 2 ). Most sightings occurred in September (69%) and consisted mainly of adults, although calves (n = 3) and juveniles (n = 3) were also seen. Humpback whales were often observed in close association with fin or gray whales. Several humpback whales were seen feeding, including some using bubble nets (Wiley et al., 2011) .
Humpback whales were the second most common acoustically detected species, with recordings on 16% of the sonobuoys ( Table 2 ). The majority of acoustic detections (67%) were in August, and humpback whales were heard throughout the central part of the study area from Wales to Cape Lisburne ( Figure 3 ).
Although humpback whales were detected in all three years, more were detected in 2012 than in the other two years combined (9 of 15 total detections), even though 2010 had the greatest effort.
Only one sonobuoy detected humpback whales in 2011.
Humpback whales winter in subtropical and tropical waters, and most migrate seasonally to higher latitudes to feed on euphausiids and small schooling fishes (Clapham, 2002) . In the North Pacific Ocean, humpback whales are known to feed in the Gulf of Alaska and the Bering Sea in summer (Mel'nikov et al., 1999; Moore et al., 2000) ; these whales likely represent more than one stock (Ohsumi and Masaki, 1975; Allen and Angliss, 2012 (Votrogov and Ivashin, 1980; Ivashin and Votrogov, 1982) , perhaps as a result of previous Soviet commercial whaling pressure in the Bering Sea and the North Pacific Ocean (Ivashchenko et al., 2013) .
Humpback whales were observed during a research cruise in late September 1980
near Cape Serdtse-Kamen (Miller et al., 1986) . Observations from several villages on the Chukotka Peninsula between 1994 and 1996 suggested that humpback whales were re-inhabiting summer feeding areas, and they were regularly seen northwest of Cape Dezhneva in summer (July-September) and, in years when sea ice formation was late, as late as November (Mel'nikov et al., 1999) .
Humpback whales were not seen during aerial surveys conducted in the southern and northeastern Chukchi Sea from 1982 to 1991 (Moore and Clarke, 1992 (Hashagen et al., 2009; Haley et al., 2010; Aerts et al., 2013a; .
Fin Whales
Fin whales were less commonly observed (18 sightings of 29 whales) than humpback whales (Table 2) and Chukchi Sea region (Tomilin, 1957) .
From the 1920s to the 1940s, fin whales were commonly seen in the Chukchi Sea by commercial whalers and were hunted there at least until the early 1950s (Sleptsov, 1961) . Nasu (1974) (Nemoto, 1959; Sleptsov, 1961; Votrogov and Ivashin, 1980) . Votrogov and Ivashin (1980) 
Minke Whales
Minke whales were the least commonly observed baleen whale (16 sightings of 18 whales) ( Table 2) Killer whale diet depends on ecotype (e.g., fish-eating or mammal-eating), and there is often prey specialization within a stock (Ford, 2002 (Allen and Angliss, 2012) . Killer whales were once so common that there was a commercial harvest in the mid-1900s (Sleptsov, 1961) .
However, Ivashin and Votrogov (1981b) noted that killer whales were relatively scarce in the coastal waters of Chukotka, Ivashin and Votrogov (1982) al., 2013) . Local hunters also occasionally see killer whales in the Point Barrow region (George et al., 1994) . et al., 1999, 2001) and observations from areas targeted by commercial whalers roughly 40 years ago (e.g., Nikulin, 1946; Sleptsov, 1961) . , and song type has been used to distinguish among fin whales from different geographic populations (Delarue et al., 2009; Castellote et al., 2012) . Fin whales were heard much more often than seen during CSESP (Aerts et al., 2013a; Delarue et al., 2013) (Sleptsov, 1961) , and Russian researchers indicated that humpback and minke whales were more likely to occur near the Chukotka coast in years when sea ice re-formed late in autumn than in years when sea ice re-formed in early autumn (Mel'nikov et al., 1999) ; the southern Chukchi Sea may offer reduced competition for prey for baleen whales compared to the adjacent Bering Sea and increased hunting potential for killer whales (both ecotypes) due to increased productivity and reduced sea ice.
Summary

Association of Baleen Whale Distribution with Water Masses and Potential Prey
The distribution of humpback, fin, and minke whales can be related to a recent summary of water masses and associated pelagic fish and zooplankton species sampled east of the IDL in the southern Chukchi Sea (Eisner et al., 2013) . Humpback and fin whale distribution appears to correspond with cold, saline BSW and AW. Sharp temperature and salinity gradients between these two water masses occur between 166°W and 168°W at 67.5°N, with the warm, fresh ACW overriding both east of about 167.5°W (Eisner et al., 2013 and in ACW/BSAW, respectively (Table 3 and Figure 5 in Eisner et al., 2013) .
Conversely, highest densities of forage fishes such as sand lance (Ammodytes hexapterus), Pacific herring, and saffron cod were found primarily north of Cape Lisburne.
A lack of concurrent oceanographic sampling hampers correlation of hydrographic or prey data to baleen whale distribution. However, it appears that the central southern Chukchi Sea is an advective pathway for euphausiids (Berline et al., 2008) . Gray whales have been reported feeding there on dense epibenthic krill assemblages associated with oceanographic fronts (Bluhm et al., 2007) . Humpback, fin, and minke whales may also be taking advantage of this krill-prey pathway, benefiting from a ~ 50% increase in transport through
Bering Strait between 2001 and 2011 (Woodgate et al., 2012) that is bringing heat, freshwater, and possibly more food into the southern Chukchi Sea.
Indeed, there have been so many physical changes to the Arctic system, including sea ice reduction, seawater warming, increased storms, and possibly increased primary production, that the marine ecosystem is considered to be in a "new state" (Jeffries et al., 2013; Overland and Wang, 2013) . Whether or not baleen whales are responding to these environmental changes or merely reoccupying range as their populations "recover" from the low numbers caused by commercial whaling is difficult to tease apart.
Future Opportunities
The limited sampling effort (see Table 1 
